In this paper, the Ground Penetrating Radar (GPR) method was used to characterize concrete tubes and steel/plastic tanks buried in IAG/USP test site. The microwave tomography was used to improve the GPR images, aiming to retrieve the geometry of the targets. The numerical modeling studies also were done in order to predict the GPR results of the buried targets and to give more reliability to the results interpretation. The targets were installed in the first shallow geophysical test site of the Brazil located at Institute of Astronomy, Geophysics, and Atmospheric Science (IAG) of the University of São Paulo (USP). GPR profiles of 200 MHz (shielded bistatic antennas) were acquired along three lines containing concrete tubes and steel/plastic tanks buried in subsoil. The concrete tubes show a hyperbolic reflector for the top, and the vertical tube also presented a reflection on its bottom. The horizontal steel tanks were characterized by a strong GPR reflection on their top. The empty plastic tank shows a strong reflector for the top with normal polarity. On the other hand, the plastic tank filled with water shows a weaker reflector for its top characterized by the inverted polarity of GPR signal when compared with empty plastic tank. The plastic tank filled with water also went characterized by the strong reflection to its bottom, being a good indicative to interpret GPR data on target in subsoil with some types of fluid inside of tank. The results of polarity difference for the top of tank can be used as guide pattern to identify buried tank empty or filled with water. The application of microwave tomography to the GPR data permitted to determine the position and get a good identification of the edges of the targets studied. The numeric modeling presented a good accordance with real data reducing the ambiguities in interpretation of results. These results can be used as a reference, and they can be extrapolated for areas where there is no subsurface information.
Introduction
The Ground Penetrating Radar (GPR) is a geophysical method that uses electromagnetic waves in high frequency (10 MHz to 2.6 GHz) and has innumerable applications for shallow subsurface investigations, such as urban problems, infra-structure, environmental studies, mineral exploration, geological, hydrogeological, and archaeological studies. The electromagnetic theory of the GPR method can be found in [1] - [7] , among others.
The population growth together with the fast industrial development in the large cities has caused various problems to society, such as environmental contamination. Others problems are related with the installation of galleries for pluvial water canalization, the placing of pipes underground for water supply, installation of gas pipelines in the subsoil, among others. Usually, the problems are related to the destruction of pre-existing underground utilities, which disrupt the local economy, transport, communication, and may even put lives at risk.
The use of geophysical methods is recommended before beginning geotechnical excavation in the urban environment. Particularly, GPR is efficient for detect previously installed utilities in the subsoil, such as concrete tubes, water and gas pipelines, electric and telephone cables, etc. [8] - [16] . Therefore, the use of geophysical methods can prevent dangerous accidents and minimize the risk situations for society. However, the data interpretation is very complex because the ambiguities found in the results. To reduce the uncertainties, the GPR study was performed under controlled conditions in the IAG/USP geophysical test site in order to obtain the better understanding the normal reflection patterns caused by different targets in the subsoil. Some GPR results using this line of research can be found in the literature [10] This paper presents some results of GPR modeling, standard processing and microwave tomography application in GPR data, over empty concrete tubes, empty steel tanks and plastic tanks (empty and filled with water) buried in the IAG/USP test site [12] in order to characterization these targets that usually are present in the subsoil of the large cities of the world. The test site is located in a geologic urban context different from other worldwide test sites and it is situated at the border of São Paulo sedimentary basin, in São Paulo city, Brazil ( Figure   1 ).
The knowledge of the correct spatial distribution of targets in the subsoil is important in mapping buried utilities for urban planning and environmental studies. Therefore, the goal is to define the target location. This information serves as basis for planning the advance of geotechnical excavations in urban centers because it helps minimize problems related to the damage or destruction of preexisting underground utilities, and avoid dangerous accidents.
Study Area: IAG/USP Geophysical Test Site
The test site at the Institute of Astronomy, Geophysics, and Atmospheric Science-IAG at the University of São Paulo-USP (IAG/USP Geophysical test site) is located close to IAG/USP building and it was constructed for teaching and research purposes. The concrete tubes were used to simulate the galleries for pluvial water canalization and usually they are found in subsoil of the great urban centers, and the cylindrical steel tanks and plastic tanks were installed to simulate environmental studies.
Modeling, Acquisition and Processing of GPR Data
2D GPR numerical modeling was done using Reflexw software [21] . Its purpose is predict the GPR results on the targets buried in real data acquisition and to
give more reliability to interpretation of the GPR profile, reducing the ambiguities. The GPR behavior of propagation and reflection of electromagnetic wave was simulated by the Finite-Difference Time-Domain (FDTD) numerical method [22] . FDTD method is based on implementation of mathematical codes through successive numerical approximates, replacing differential equations for finite differences. In this way, the algebraic equations solve Maxwell equations.
The model is discretized in a compound grid by a finite set of points, represented by knot mesh. Each knot represents a vector field with the physical properties.
The Table 1 shows the electrical conductivity (σ) and dielectric constant (ε) used to construct the synthetic models. The relative magnetic permeability value was equal to 1 for all simulated targets. For GPR wave simulating the following parameters were used: 200 MHz antennas, spacing between the A-scans of 1 cm, the electric field Ey antenna polarization [23] and exploding reflector source [21] . The Tables 2-4 show the geometrics parameters of the spatial distribution of the concrete tubes buried in the vertical and horizontal position in the test site, steel tanks and plastic tanks used in GPR modeling, respectively. The external and internal diameters were measured with a metric line. Table 4 . Geometric parameters used in modeling related to spatial distribution of the plastic tanks buried in the vertical position in the IAG/USP test site and its contents. The time to depth conversion was done for a velocity value of 0.057 m/ns (dielectric constant of 28), being compatible with a saturated clay material [18] . The velocity (v = 2 h/t) was obtained using the real depth (h) information of the targets [12] , and it is the time of reflection read in vertical axe of the GPR profile.
The microwave tomography is a technique of advanced data processing and permits to improve the visualization and the interpretation of GPR data. Its theory is well described in literature and consists in an inversion problem that it aims to retrieve the geometry of buried targets [20] values of the contrast function and it was done using RadImage v1.0 program [27] . In this article, it was used on GPR profiles on the targets buried in the IAG/USP test site after of standard data processing aiming improve the visualization of image and the geometry characterization of these targets aiming to urban planning and environmental studies purposes. Table 1 ). Observe that the real results were very similar to the numerical modeling. that is characterized by strong hyperbolic reflector on the top of the steel tanks.
Analysis of Results
The high amplitude anomaly for the top of steel tanks is due to the high contrast between the physical properties of steel tanks and the background characterized by the soil clayey ( Table 1 ). Note that the real results are completely similar to the numerical modeling. Observe that the position of the two horizontal steel tanks (2 m and 6 m positions) was well recovered. The geometry was not recovered, because in this case the tomography is able to recover just an anomaly at the top of the target. This anomaly is characterized by a high amplitude anomaly because of the high contrast between the physical properties of steel tanks and the background. Observe that the top of the empty plastic tank (2 m position) appears as a weak anomaly, although it presents good amplitude. Some weak amplitude can be seen at 1.5 m in depth as well, corresponding to the bottom of the hole dug during the burial of this target. Microwave tomography also shows the anomaly referring to the plastic tank filled with water shifted for down in depth. This effect is caused by the strong reflection seen in real data. That anomaly is much stronger than the reflection at the top of this target. Some reverberation can be seen below this reflection as well, at the deepest part of the data. As a result, the microwave tomography recovers these anomalies as part of a single target but locates it at a deepest position. In this sense, the tomographic analysis must be done carefully in order to avoid a wrong interpretation.
The results show that GPR signatures of known targets are important to calibration of the results. They can be used as a reference guide for concrete tubes and steel/plastic tanks buried in subsoil, and contribute to our ability to interpret geophysical data.
Conclusions
The IAG/USP geophysical test site is pioneer in Brazil, and it was constructed at The microwave tomography images improved the spatial positioning of the concrete tubes and steel tanks, and allowed estimating their geometries. Microwave tomography images for the empty plastic tank show weak anomalies compared to the filled with water tank, but its geometry could be estimated based on those anomalies. On the other hand, the water-filled tank presented a strong anomaly at its bottom, and this anomaly is recovered by the tomographic process as the top of the target. This is a limitation of the proposed methodology, thus the analysis must be done carefully to avoid misinterpretations.
The results under controlled conditions showed that the location and the characterization of buried utilities are important to the mapping of the shallow subsurface. Therefore, the GPR is recommended to be used before beginning geotechnical excavation allows avoiding the accidents during the installation of new targets in subsoil.
